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a b s t r a c t 

A systematic literature review and meta-analysis was conducted to evaluate the comparative efficacy and 

tolerability of cefazolin vs. anti-staphylococcal penicillins (ASPs) for methicillin-susceptible Staphylococ- 

cus aureus (MSSA) bloodstream infections (BSI). Utilizing published regression models, included studies 

were stratified into subgroups of high and low pre-probability of mortality. Cefazolin was associated with 

significantly lower rates of treatment failure (odds ratio [OR]: 0.70; 95% confidence interval [CI]: 0.61- 

0.82; P < 0.001; I 2 = 14%) and crude, all-cause mortality (OR: 0.69; 95% CI: 0.59-0.81; P < 0.001; I 2 = 18%) 

compared with ASP therapy. Overall risk of treatment-related adverse drug reactions was numerically 

lower with cefazolin (OR: 0.39; 95% CI: 0.15-1.00; P = 0.05). Subgroup sensitivity analyses of studies con- 

ducted in less severely ill patients were similar to the combined analysis. The role of cefazolin in the 

most severely ill patients with MSSA BSI should be prospectively evaluated. 

© 2018 Elsevier B.V. and International Society of Chemotherapy. All rights reserved. 
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. Introduction 

Staphylococcus aureus (SA) bloodstream infections (BSI) continue

o be a leading cause of morbidity and mortality within healthcare

ystems, particularly the intensive care unit (ICU) [1–3] . Extensive

se of intravascular catheters in critically ill patients is a major

isk factor in acquisition of ICU-BSI, with SA representing one of

he most commonly isolated organisms in ICU-BSI [3–7] . Prompt

nitiation of effective antimicrobial therapy is essential to reduce
✩ Portions of this paper were presented as a poster at IDWeek, 3 to 7 October 

018; San Francisco, CA. 
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harmacy, 555 31st St., Downers Grove, IL 60515. 
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he risk of mortality in BSI, particularly in patients with sepsis and

eptic shock [8–10] . Timely optimization of antibiotics as part of

 comprehensive, multidisciplinary approach has also been advo-

ated to reduce antimicrobial resistance, treatment-related adverse

rug reactions (ADRs), and overall hospital costs [11–13] . 

Traditionally, anti-staphylococcal penicillins (ASPs), such as naf-

illin or oxacillin, have been regarded as first-line in the treatment

f serious methicillin-susceptible Staphylococcus aureus (MSSA) BSI.

he pharmacokinetics of beta-lactams are often complex and un-

redictable in the ICU setting, and the emergence of drug-related

dverse events disproportionately affects this population [14,15] .

efazolin is associated with greater dosing convenience, a longer

alf-life, and fewer ADRs compared with nafcillin or oxacillin.

owever, concerns about the risk of treatment failure with ce-

azolin and inactivation by type A beta-lactamases in the setting

f high-burden infections have relegated it to alternative status
rved. 

https://doi.org/10.1016/j.ijantimicag.2018.11.013
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ijantimicag
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijantimicag.2018.11.013&domain=pdf
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[16,17] . Recent studies of MSSA BSI indicate that infection out-

comes are similar between patients treated with cefazolin or ASPs

[18–25] . Individual studies have been constrained by sample size,

event rate, and severity of illness. We reviewed the literature to

compare the effectiveness and tolerability of cefazolin to ASP ther-

apy for the treatment of MSSA BSI stratified by study-level severity

of illness. 

2. Materials and methods 

2.1. Systematic literature review and study selection 

A systematic search of the literature was performed using the

PubMed, Web of Science, Cochrane Central Register of Controlled

Trials (CENTRAL), and Cochrane Database of Systematic Review

(CDSR) electronic databases from inception until 28 July 2017. De-

tails of the systematic review and study inclusion are provided

in the Supplemental Material. Briefly, a comprehensive, full-text

search, including root words and derivatives, was applied using the

following terms: ( Staphylococcus aureus ) AND (methicillin suscepti-

ble OR methicillin sensitive OR meticillin susceptible OR meticillin

sensitive OR MSSA) AND (cefazolin) AND (bloodstream OR bac-

teremia OR bacteraemia). Studies retrieved using the search strat-

egy were first screened based on their titles and abstracts by two

independent reviewers (JC and KA) for any articles written in En-

glish and reporting treatment outcomes for SA bacteremia. These

articles were then evaluated for eligibility based on pre-established

inclusion criteria and were then cross-checked by a third reviewer

(BL) (see Supplemental Material). References of included studies

and review articles or other studies known to the reviewers were

also screened. Eligible studies were reviewed in full and entered

into Review Manager (RevMan) v.5.3 [26] . 

2.2. Data extraction, definitions, and study outcomes 

Data elements of interest included treatment failure, crude

(i.e., unadjusted) study-defined mortality, and treatment-associated

ADR counts. We also extracted primary study characteristics (e.g.,

first author, publication year, study design, and sample size), de-

mographic variables (e.g., age, sex, and severity of illness mea-

sures), and infection characteristics (e.g., metastatic, high-burden,

or high-inoculum classification). High-burden infections were de-

fined as MSSA bacteremia with concomitant endocarditis, os-

teomyelitis, deep-tissue infections or abscesses, vascular grafts,

pneumonia, meningitis, or as identified by the investigators. Infec-

tions classified by investigators as ‘high-inoculum’ were also con-

sidered high-burden infections. ASP therapy was defined as usage

of intravenous oxacillin, nafcillin, or cloxacillin. Corresponding au-

thors were contacted when data elements were missing or clarifi-

cation was necessary. 

Average study-level severity of illness scores were re-expressed

as average mortality probabilities using published regressions [e.g.,

probability = elogit / (1 + elogit); Table S2 ] [27–33] . A detailed sum-

mary can be found in the Supplementary Material. Study-level risk

of bias was assessed by two investigators (SKW and NJR) with dis-

crepancies resolved by a third (BJL). Risk of bias among prospec-

tive studies was assessed using the Cochrane Risk of Bias Assess-

ment Tool [34] , and risk of bias among retrospective studies was

assessed using the Newcastle-Ottawa Scale (NOS) [35] . The risk of

publication bias for each outcome was assessed by visual inspec-

tion of funnel plots and Egger’s test for funnel plot asymmetry. If

asymmetry was detected, a trim and fill analysis was conducted

[36] . 

Treatment failure was defined as the composite of persistence

of BSI, MSSA recurrence, non-resolution of infection, or all-cause
ortality defined at the study level. ADRs were defined as re-

al, hepatic, dermatological, or systemic reactions consistent with

nown adverse reactions as documented in the approved product

abelling [37–39] . ADRs were classified as treatment-associated if

hey occurred during active receipt of cefazolin or ASP therapy. 

The primary outcome of this review was treatment failure

mong patients receiving cefazolin vs. ASPs for MSSA BSI. Sec-

ndary outcomes included crude, all-cause mortality (defined ac-

ording to the individual methods of each study) and treatment-

ssociated ADRs. Binary outcomes from each study were extracted

s counts, and continuous outcomes were extracted as means or

edians with variance estimated from standard deviations, in-

erquartile ranges, or ranges [34,40] . 

.3. Statistical analysis 

Pooled odds ratios (ORs) with 95% confidence intervals (CI)

ere calculated for all outcomes. Statistical heterogeneity between

tudies was assessed using the chi-square test ( P < 0.10) of het-

rogeneity and the I 2 measure ( P > 50%) of inconsistency. When

ow statistical heterogeneity was observed or when the outcome

easure was associated with low measurement bias, the Mantel-

aenszel fixed-effects model was used; otherwise, the random-

ffects model was utilized. Univariate meta-regression analyses

ere performed to evaluate potential modifiers of effect-size, in-

luding metastatic infections, high-burden infections, and high av-

rage study severity of illness, when available. Meta-analyses were

erformed using RevMan v.5.3 [26] . Meta-regressions and funnel-

lot asymmetry tests were conducted using the “metafor” pack-

ge (version 2.0-0) [41] for the R environment (version 3.4.3) [42] .

eta-analyses were conducted to obtain pooled effect size esti-

ates across all studies, and a planned subset analysis was con-

ucted to evaluate the impact of high vs. low study-level average

ortality probability as a global measure of comorbidity within

ach study. The stratification between high and low average mor-

ality probabilities was set at 15% (i.e., the 25th percentile of ob-

erved mortality rates in previous SA bacteremia studies) to sensi-

ively classify severely ill patients [43] . 

. Results 

.1. Literature search results 

The systematic review is summarized in Fig. 1 . A search of the

ubMed, Web of Science, CENTRAL, and CDSR electronic databases

dentified 866 indexed abstracts, of which 762 were excluded as

hey were duplicates (n = 38), written in a language other than En-

lish (n = 122), or reporting data for non-SA bacteremia (n = 602),

esulting in 104 full-text articles that were assessed for eligibil-

ty. Nine systematically identified studies were included in meta-

nalysis [18–25,44] . 

Reasons for exclusion were: reporting of microbiological or ani-

al model data (n = 16), epidemiological studies and those identi-

ying predictors for clinical outcomes (n = 10), inappropriate study

esign as case reports/series (n = 6) or review articles and com-

entaries (n = 19), treatment assessment in resistant strains of SA

n = 5), evaluation of non-cefazolin vs. ASP comparisons (e.g., van-

omycin, gentamicin) (n = 13), and impact of infectious diseases

onsultation (n = 7), echocardiogram (n = 10), penicillin allergy re-

orting (n = 3), and treatment duration (n = 2) on BSI outcomes.

our articles evaluated the efficacy of several beta-lactams in SA

loodstream infections but no comparative data for cefazolin and

SPs were reported. 

The corresponding authors of six articles were contacted for

rovision of additional information, of which four replied with the

equested data [18,23–25] . Two studies evaluated patients within
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Fig. 1. PRISMA flow diagram for study inclusion. 

Figure legend: ASPs, anti-staphylococcal penicillins; BSI, bloodstream infection; PCN, penicillin. 
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lose geographical and temporal proximity [21,44] . In a multicen-

er study, 161 patients were evaluated, and a single-center pre-

ost quasi-experimental study included 43 additional patients who

ere not included in the original study [21,44] . As a de-duplication

rocedure, the subset of patients not included in S. Rao et al. 2015

ere classified as belonging to B. Lee et al. 2017 [21,44] . 

.2. Characteristics of included studies and patient demographics 

The study characteristics of included papers are outlined in

able 1 . The majority of studies were retrospective in nature with

nly one prospective cohort study included [23] . Four studies were

ulticenter [19,20,23–25] , with the number of study sites rang-

ng from 2 to 122. No prospective randomized controlled trials

ere identified. Overall, six studies reported unadjusted 90-day

ortality [18–20,22,23,25] ; 30-day mortality [24] and end-of-study

ortality [21,44] were reported in the remaining three studies.

our studies employed propensity score matching, though raw data
ere available from these studies either through direct data extrac-

ion or individual investigator contact [18,20,22,23] . 

Of the 4 4 42 included patients, 1726 (38.9%) received cefa-

olin and 2716 (61.1%) received an ASP (105 oxacillin, 358 naf-

illin, and 249 dicloxacillin). In one study, both oxacillin and naf-

illin were combined as a single ASP group, which accounted for

004 patients [25] . High-burden infections were reported in 30.5%

n = 1357) of all patients, with the most common source being

one and joint infections (48.3%), followed by endocarditis (27.5%),

bscess (9.9%), or pneumonia (9.1%). The frequency of epidural or

ntraspinal abscess was 6.8% (n = 92/1357) overall. Patients were

redominantly male (86.6%) with a mean [SD] age of 57.4 [14.2]

ears, which did not differ between cefazolin (82.9% male; mean

ge 58.8 [14.5] years) or ASP (89.0% male; mean age 56.0 [14.0]

ears) treatment groups. 

Infection dissemination and severity of illness differences be-

ween cefazolin and ASP-treated patients are also summarized

n Table 1 . Metastatic MSSA infection was reported in five
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Table 1 

Characteristics of selected studies a 

Author; year 

[ref] 

Study design; time 

period, country 

No. of patients; 

treatment groups 

Mean age [SD] 

years; male n (%); 

severity of illness 

median [IQR] 

High burden infections b Efficacy outcomes Safety 

Source of 

high-burden 

infections 

High-burden 

infections 

Metastatic 

MSSA infection 

Treatment 

failure 

Mortality rates Adverse drug reactions 

Lee S, et al., 

2011 [18] 

Retrospective, 

PS-matched, 

case-controlled, 

single center; 

20 04-20 06, Korea 

n = 133; 

CEF 

(n = 49) 

NAF 

(n = 84) 

CEF: 55 [20] ; 

male 29 (59) 

NAF: 52 [17] ; 

male 49 (58) 

CEF: BNJ 10 (20.4); 

ENDO 1 (2); PNA 4 

(8); MISC 5 (10.2) 

NAF: BNJ 11 (13.1); 

ENDO 13 (15.5); 

PNA 11 (13.1); MISC 

9 (10.7) 

CEF: 

20 (41.0) 

NAF: 

44 (52.0) 

CEF: 

8 (16) 

NAF: 

23 (27) 

CEF: 

7 (14) 

NAF: 

14 (16) 

CEF e : 

7 (14) 

NAF e : 

14 (16) 

NR 

Li J, et al., 2014 

[19] 

Retrospective, 

multicenter (n = 2), 

cohort; 2008-2012, 

USA 

n = 93; 

CEF 

(n = 59) 

OXA 

(n = 34) 

CEF: 51 [10] ; 

male 44 (74.6); 

PITT 0 [0-1] 

OXA: 51 [14] ; 

male 28 (82.4); 

PITT 0 [0-1] 

CEF: BNJ 18 (31); 

ENDO 15 (25); PNA 

2 (4) 

OXA: BNJ 20 (59); 

ENDO 4 (12); PNA 

2 (6) 

CEF: 

35 (59.3) 

OXA: 

26 (76.5) 

CEF: 

20 (33.9) 

OXA: 

12 (35.3) 

CEF: 

14 (23.7) 

OXA: 

16 (47.1) 

CEF e : 

0 (0) 

NAF e : 

1 (2.9) 

CEF: 2 (3.4) OXA: 10 (29.4) 

Bai A, et al., 

2015 [20] 

Retrospective, 

multicenter (n = 6), 

cohort; 2007-2010, 

Canada 

n = 345; 

CEF 

(n = 105) 

CLX 

(n = 249) 

CEF: 68 [18.8]; 

male 58 (55.2) 

CLX: 65.7 [19.4]; 

male 166 (66.7) 

CEF: ABS 2 (2); BNJ 

15 (14); PNA 17 

(16); ENDO 2 (2); 

MISC d 7 (7) 

CLX: ABS 19 (8); 

BNJ 28 (11); PNA 

44 (18); ENDO 30 

(12); MISC d 35 (14) 

CEF: 

43 (41) 

CLX: 

156 (62.7) 

NR CEF: 

27 (25.7) 

CLX: 

79 (31.7) 

CEF e : 

21(20) 

CLX e : 

75 (30.1) 

NR 

Rao S, et al., 

2015 [21] 

Retrospective, 

multicenter (n = 2), 

cohort; 2010-2013, 

USA 

n = 161; 

CEF 

(n = 103) 

OXA 

(n = 58) 

CEF: 53.3 [16.7]; 

male 60 (58.3); 

APACHE-II 13 (6.3) 

OXA: 53.6 [18.4]; 

male 36 (62.1); 

APACHE-II 10.3 

(5.8) 

CEF: ABS 6 (5.8); 

BNJ 9 (8.7); ENDO 

17 (16.5) 

OXA: BNJ 7 (12.1); 

CNS 1 (1.7); ENDO 

12 (20.7) 

CEF: 

32 (31.1) 

OXA: 

20 (34.5) 

CEF: 

30 (29.1) 

OXA: 

11 (19.0) 

CEF: 

6 (5.8) 

OXA: 

7 (12.1) 

CEF f : 

1 (1.0) 

OXA f : 

3 (5.2) 

CEF: 8 (7.8)OXA: 2 (3.5) 

Pollett S, et al., 

2016 [22] 

Retrospective, 

single center, 

cohort; 2008-2013, 

USA 

n = 100; 

CEF 

(n = 70) 

NAF 

(n = 30) 

CEF: 53 [15.1]; 

male 22 (31.4); 

CCI 4 [2–7] 

NAF: 50.4 [12.5]; 

male 7 (23.3); 

CCI 3 [1–7] 

CEF: ABS 5 (7.1); 

BNJ 5 (7.1); PNA 1 

(1.4); ENDO 10 

(14.2); PROS 5 (7.1) 

NAF: ABS 2 (6.7); 

BNJ 3 (10.0); PNA 4 

(13.3); ENDO 5 

(16.7); PROS 1 (3.3) 

CEF: 

26 (37.1) 

NAF: 

15 (50.0) 

NR CEF: 

5 (7.1) 

NAF: 

5 (16.7) 

CEF e : 

5 (7.1) 

NAF e : 

5 (16.7) 

NR 

( continued on next page ) 
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Table 1 ( continued ) 

Author; year 

[ref] 

Study design; time 

period, country 

No. of patients; 

treatment groups 

Mean age [SD] 

years; male n (%); 

severity of illness 

median [IQR] 

High burden infections b Efficacy outcomes Safety 

Source of 

high-burden 

infections 

High-burden 

infections 

Metastatic 

MSSA infection 

Treatment 

failure 

Mortality rates Adverse drug reactions 

Lee B, et al., 

2017 [44] 

Retrospective, 

single center, quasi- 

experimental, 

cohort; 2010-2014, 

USA 

n = 43; 

CEF 

(n = 30) 

OXA 

(n = 13) 

CEF: 60.5 [19.3]; 

male 13 (43.3); 

APACHE-II 14.2 

[4.8] 

OXA: 49.5 [13] ; 

male 4 (30.8); 

APACHE-II 11.9 [5.4] 

CEF: ABS 6 (20); 

BNJ 1 (3.3); PNA 3 

(10); ENDO 4 (13.3) 

OXA: ABS 3 (23.1); 

BNJ 2 (15.4); PNA 1 

(7.7); ENDO 2 

(15.4) 

CEF: 

14 (46.7) 

OXA: 

8 (61.5) 

CEF: 

5 (16.7) 

OXA: 

5 (38.5) 

CEF: 

1 (3.3) 

OXA: 

0 (0) 

CEF f : 

0 (0) 

OXA f : 

0 (0) 

CEF:1 (5.1)OXA:0 (0) 

Flynt L, et al., 

2017 [24] 

Retrospective, 

multicenter (n = 4), 

cohort; 2013-2015, 

USA 

n = 149; 

CEF 

(n = 68) 

NAF 

(n = 81) 

CEF: 65.4 [15] ; 

male 23 (33.8); 

PITT ≥ 4: 7 (9.4) 

NAF: 54.8 [16] ; 

male 47 (58); 

PITT ≥ 4: 13 (15.9) 

CEF: BNJ 13 (19.1); 

ENDO 11 (16.2); 

PNA 9 (13.2) 

NAF: BNJ 20 (24.7); 

ENDO 22 (27.2); 

PNA 7 (8.6) 

CEF: 

33 (48.5) 

NAF: 

49 (60.5) 

NR CEF: 

12 (17.6) 

NAF: 

11 (13.6) 

CEF g : 

4 (6.0) 

NAF g : 

4 (5.0) 

CEF:5 (7.4)NAF:19 (23.5) 

McDanel J, 

et al., 2017 [25] 

Retrospective, 

multicenter 

(n = 122), cohort; 

2003-2010, USA 

n = 3167; 

CEF (n = 1163) 

ASP (n = 2004) 

CEF: 64 [NR]; 

male 1133 (97.4); 

APACHE-III 34 [NR] 

ASP c : 64 [NR]; 

male 1974 (98.5); 

APACHE-III 33 [NR] 

CEF: BNJ 138 (11.9); 

ENDO 52 (4.5); ISP 

ABS 27 (2.3) 

ASP: BNJ 267 

(13.3); ENDO 145 

(7.2); ISP ABS 65 

(3.2) 

CEF: 

217 (18.7) 

ASP: 

477 (23.8) 

NR CEF: 

231 (19.8) 

ASP: 

502 (25.0) 

CEF e : 

231 (19.8) 

ASP e : 

502 (25.0) 

NR 

Lee S, et al., 

2017 [23] 

Prospective, 

multicenter 

(n = 10), cohort; 

2013-2015, Korea 

n = 242; 

CEF 

(n = 79) 

NAF 

(n = 163) 

CEF: 59 [15.5]; 

male 48 (60.8); 

SOFA 2.1 (2.5) 

NAF: 62.7 [15.7]; 

male 106 (65); 

SOFA 3.7 (3.2) 

CEF: BNJ 28 (35.4); 

PNA 3 (3.8); ENDO 

4 (5.1); IAI 2 (2.5) 

NAF: BNJ 61 (37.4); 

PNA 16 (9.8); ENDO 

24 (14.7); IAI 3 

(1.8); CNS 1 (0.6) 

CEF: 

37 (46.8) 

NAF: 

105 (64.4) 

CEF: 

10 (12.7) 

NAF: 

23 (14.1) 

CEF: 

24 (30.4) 

NAF: 

82 (50.3) 

CEF e : 

2 (2.5) 

NAF e : 

24 (14.7) 

CEF: 10 (12.7)NAF: 48 (29.4) 

Abbreviations: ABS, abscess; ADR, adverse drug reaction; APACHE, Acute Physiology and Chronic Health Evaluation; ASP, anti-staphylococcal penicillin; BNJ, bone/joint and osteomyelitis; CCI, Charlson Comorbidity Index; CEF, 

cefazolin; CLX, cloxacillin; CNS, central nervous system; ENDO, endocarditis; IAI, intra-abdominal infection; IQR, interquartile range; ISP, intraspinal; MSSA, methicillin-susceptible Staphylococcus aureus ; NAF, nafcillin; NR, not 

reported; OXA, oxacillin; PITT, PITT bacteremia score; PNA, pneumonia; PROS, prosthetic device; PS, propensity-scored; SD, standard deviation; SOFA, sequential organ failure score. 
a Values are reported as n (%) unless indicated otherwise. 
b High-burden infections defined as MSSA bacteremia accompanied by endocarditis, unremoved vascular graft infection, osteomyelitis, pneumonia, deep-seated abscess, and/or metastatic infection or as identified by the 

investigators. 
c Corresponding to nafcillin or oxacillin therapy. 
d Reported as other sources including intra-abdominal, biliary tract, CNS, endovascular, mycotic aneurysm, or cardiac device associated. 
e 90-day, all-cause mortality. 
f End of study, all-cause mortality. 
g 30-day, all-cause mortality. 
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Fig. 2. Forest plot for composite treatment failure according to high vs. low study-level mortality probability. 

Figure legend: ASP: anti-staphylococcal penicillins. 
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[18,19,21,23,44] of the included studies. The frequency of dissem-

inated infection was similar between cefazolin and ASP-treated

patients (22.8% vs. 21.0%; P = 0.56). Average study-level mortality

probabilities were similar between the cefazolin and ASP treat-

ment groups (15.6% vs. 15.1%). The frequency of study-level mortal-

ity probabilities ≥15% was more common in the cefazolin-treated

group (50% vs. 25%). 

3.3. Treatment failure 

Therapeutic efficacy was evaluated in all 9 studies: treatment

failure was reported in 18.9% (n = 327) of cefazolin-treated patients

and 26.4% (n = 716) of ASP-treated patients. The meta-analyses for

treatment failure are graphically displayed in Fig. 2 . Study hetero-

geneity was low ( P = 0.32; I 2 = 14%). There was a significant reduc-

tion in treatment failure with cefazolin compared with ASPs (OR:

0.70; 95% CI: 0.61-0.82; P < 0.001). Within the subset of studies

demonstrating average mortality probabilities < 15% (n = 6), cefa-

zolin therapy remained protective against failure (OR: 0.70; 95% CI:

0.60-0.82; P < 0.001; I 2 = 39%). In the subset of studies with aver-

age mortality probabilities ≥15% (n = 3), point estimates supported

a reduced odds of failure with cefazolin but were not significant

(OR: 0.67; 95% CI: 0.31-1.45; P = 0.31; I 2 = 0%) ( Fig. 2 ). Univari-

ate meta-regression analyses failed to identify a significant effect

of metastatic (5 studies; P = 0.89) or high-burden MSSA infection

rates (9 studies; P = 0.23) on the risk of treatment failure. 

3.4. Mortality 

Overall, the observed all-cause mortality rates were 15.7%

(n = 271) in the cefazolin group and 23.1% (n = 628) in the ASP

group. The meta-analyses for mortality are graphically displayed

in Fig. 3 . Study heterogeneity was low ( P = 0.29; I 2 = 18%). Signif-

icantly lower odds of all-cause mortality were evident among pa-

tients treated with cefazolin vs. ASPs (OR: 0.69; 95% CI: 0.59-0.81;

P < 0.001). Receipt of cefazolin therapy was protective against mor-
ality in the subset of studies (n = 6) with average mortality proba-

ilities < 15% (OR: 0.70; 95% CI: 0.59-0.82; P < 0.001; I 2 = 35%). In

he subset of studies with average mortality probabilities ≥15%

n = 3), the effect size estimates again supported a reduced odds

f mortality with cefazolin but were not significant (OR: 0.64; 95%

I: 0.29-1.43; P = 0.28; I 2 = 0%) ( Fig. 3 ). Improved mortality with

efazolin was also observed within the subset of studies report-

ng 90-day mortality (n = 7; OR: 0.69; 95% CI: 0.59-0.82; P < 0.001;

 

2 = 25%) ( Figure S1 ). Univariate meta-regression analyses failed to

dentify a significant effect of metastatic (5 studies; P = 0.35) or

igh-burden MSSA infection rates (9 studies; P = 0.17) on mortal-

ty risk. 

.5. Adverse drug reactions 

Among 688 patients from 5 included studies, 15.3% (n = 105) of

atients experienced treatment-associated ADRs [19,21,23,24,44] .

he meta-analysis for ADRs is graphically displayed in Fig. 4 . Study

eterogeneity was high ( P = 0.05; I 2 = 59%), and a random-effects

odel was utilized. The incidence of ADRs with cefazolin ranged

rom 3.3% to 12.7% while those with ASPs occurred between 3.5%

nd 29.5%. Treatment-associated ADRs were reported in 7.7% of ce-

azolin patients and 22.6% of ASP patients. Overall, the risk of ADRs

as numerically lower with cefazolin treatment in a pooled analy-

is (OR: 0.39; 95% CI: 0.15-1.00; P = 0.05). 

.6. Risk of bias 

The potential impact of publication bias for treatment failure

nd all-cause mortality was assessed and graphically displayed in

igure S2 . A funnel plot of the 9 included studies did not iden-

ify significant publication bias with respect to treatment failure

Egger’s test P = 0.37). However, visual inspection of the funnel

lot for mortality indicated potential left-sided skewness (Egger’s

est P = 0.07). In a trim and fill analysis (Egger’s test P = 0.79),

reatment with cefazolin therapy remained significantly protective
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Fig. 3. Forest plot for end of study all-cause mortality according to high vs. low study-level mortality probability. 

Figure legend: ASP: anti-staphylococcal penicillins. 

Fig. 4. Forest plot for treatment-associated ADRs in patients receiving cefazolin vs. ASPs. 

Figure legend: ADRs, adverse drug reactions; ASP: anti-staphylococcal penicillins. 
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gainst mortality (OR: 0.66; 95% CI: 0.51-0.85; P < 0.001). No fun-

el plot asymmetry was detected with treatment-associated ADRs

 P = 0.06). The risk of bias for non-randomized studies is summa-

ized in Table S3 . Overall, the risk of bias assessment concordance

as 95% across all studies. Only one prospective study was identi-

ed, for which high risk of bias was exhibited in two of seven cat-

gories. Of the 8 retrospective studies, 7 were determined to meet

 to 9 stars out of 9 on the NOS scoring tool, and one study was

etermined to meet 5 or 6 of 9 stars. None of the included studies

cored less than 6 stars. The most frequently marked down cri-

erion among the retrospective studies was inadequacy or lack of

ollow-up (75%; n = 6/8), a common finding among retrospective

tudies. 

. Discussion 

We systematically evaluated and summarized the findings of

ontemporary studies comparing clinical outcomes of patients with

SSA BSI receiving cefazolin or ASPs as definitive therapy. We

ound that cefazolin was associated with significantly lower rates

f treatment failure, reduced risk of overall mortality, and a nu-

erically reduced risk of adverse effects com pared with ASPs. Our

nalysis was unique because the majority of included studies were

ontemporary, and we stratified our analyses according to average
tudy-level severity of illness. Our findings: i) support a broader

ole for cefazolin in MSSA treatment, ii) refute the idea that ASPs

hould be used preferentially over cefazolin without qualification,

nd iii) indicate the need for robust comparative studies in the

ost critically ill patients affected by MSSA. 

Although our analysis supports a broader role for cefazolin in

linical practice, there are concerns regarding the risk of treatment

ailure with cefazolin treatment. Overproduction of a type A beta-

actamase can occur in deep-seated, high-burden infections, effi-

iently hydrolyzing cefazolin [16,17] . While production of type A

eta-lactamase may be a necessary condition for cefazolin failure

n MSSA infection, the production of type A beta-lactamase does

ot appear sufficient to produce clinical failure in all cases. For ex-

mple, the prevalence of type A beta-lactamase is highly variable.

owever, the role of any inoculum effect on clinical outcomes is

oorly defined. Routine consultation of infectious diseases special-

sts, removal of infected catheters, early surgical intervention as

ndicated, and vigilant patient monitoring have all contributed to

mproved survival in MSSA BSI [45,46] . We observed similar ben-

ficial effect sizes for cefazolin irrespective of high-burden source,

hich indicates that any clinical “inoculum effect” exerts a min-

mal influence on the majority of clinical outcomes. Additionally,

ur stratified analysis in both high and low severity of illness

roups indicates that selection of an ASP is not necessarily a sur-
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rogate for high underlying patient severity of illness. Our analy-

ses support the clinical efficacy and tolerability of cefazolin when

paired with other best practices. 

Our finding that cefazolin appears more effective than ASPs is

similar to previous investigations. In a 2014 meta-analysis, Var-

dakas et al. evaluated the comparative effectiveness and safety

of ASPs vs. cephalosporins for the treatment of MSSA BSI [47] ,

and found no difference in 90-day mortality risk in unadjusted

(RR = 0.85, 95% CI: 0.54-1.32) or adjusted (RR = 1.42, 95% CI: 0.22-

9.06) analyses. Unlike the present analysis, direct comparisons with

cefazolin were not evaluated. More recently Li et al. systemati-

cally evaluated individual studies, finding no difference in clini-

cal efficacy but improved tolerability with cefazolin [48] . Likewise,

Loubet et al. found no significant difference in MSSA infection

recurrence rates [49] . Four recent meta-analyses also support

the tolerability and safety of cefazolin [50–53] . Lower mortality

rates were reported with cefazolin in all three bacteremia stud-

ies [50,52,53] ; however, Bidell et al. did not observe any differ-

ences in clinical failure (OR = 0.85, 95% CI: 0.41-1.76) [52] . While an

emerging consensus regarding the benefits of cefazolin have been

documented in these meta-analyses, none of the previous analyses

have classified studies by average severity of illness, which could

be a major confounder of treatment response and drug exposure.

The present analysis provides additional evidence that cefazolin

reduces the risk of treatment failure and mortality across multi-

ple types of MSSA BSI and patient-populations, and highlights the

need for additional studies in the most critically ill and vulnerable

populations. 

Our study has limitations. First, the majority of included stud-

ies were retrospective and carry inherent bias. However, to our

knowledge, no randomized controlled studies comparing cefazolin

and ASPs in MSSA BSI have been completed. Second, the definition

of high-burden infection was generalized to include endovascular,

bone and joint, pulmonary, and deep-abscess/tissue sources, but

MSSA meningitis (n = 2; 0.15%) was rare. Concerns about the pen-

etration of cefazolin into the blood-brain barrier frequently pre-

cluded consideration of its use in central nervous system infec-

tions. Additional prospective comparative studies are sorely needed

in this population to validate these concerns. Nevertheless, other

high-burden infections were common in our pooled analysis, rep-

resenting 30.5% of the population. Infective endocarditis comprised

25.4% (n = 116/458) of cefazolin and 28.6% (n = 257/898) of ASP

high-burden infections. Overall, our findings indicate that a ma-

jority of patients infected with MSSA may be safely treated with

cefazolin if standard of care practices and infectious diseases con-

sultation are utilized. 

5. Conclusion 

We found that cefazolin was associated with improved clini-

cal outcomes and moderately lower risk of treatment-associated

ADRs compared with ASPs in the treatment of MSSA BSI. Defini-

tive prospective, randomized controlled trials are needed to estab-

lish the role of cefazolin and ASPs in serious, high-burden, MSSA

infections affecting the most severely ill patients. 

Declarations 

Funding 

No funding. 

Competing Interests 

Dr. Rhodes has received honoraria from ASHP (Bethesda MD)

and research funds from the Center for Anti-Infective Research and
evelopment (Hartford CT). The remaining authors have disclosed

hat they do not have any conflicts of interest. 

thical Approval 

Not required. 

upplementary materials 

Supplementary material associated with this article can be

ound, in the online version, at doi: 10.1016/j.ijantimicag.2018.11.

13 . 

eferences 

[1] Naber C . Staphylococcus aureus bacteremia: epidemiology, pathophysiology,

and management strategies. Clin Infect Dis 2009;48(Suppl 4):S231–7 . 

[2] Miro JM , Anguera I , Cabell CH , Chen AY , Stafford JA , Corey GA , et al. Staphylo-
coccus aureus native valve infective endocarditis: report of 566 episodes from

the International Collaboration on Endocarditis Merged Database. Clin Infect
Dis 2005;41:507–14 . 

[3] Laupland KB , Zygun DA , Davies HD , Church DL , Louie TJ , Doig CJ . Popula-
tion-based assessment of intensive care unit-acquired bloodstream infections

in adults: Incidence, risk factors, and associated mortality rate. Crit Care Med

2002;30:2462–7 . 
[4] Mermel LA , Allon M , Bouza E , Craven DE , Flynn P , O’Grady NP , et al. Clin-

ical practice guidelines for the diagnosis and management of intravascular
catheter-related infection: 2009 Update by the Infectious Diseases Society of

America. Clin Infect Dis 2009;49:1–45 . 
[5] Edwards JR , Peterson KD , Andrus ML , Dudeck MA , Pollock DA , Horan TC Na-

tional Healthcare Safety Network Facilities. National Healthcare Safety Network
(NHSN) Report, data summary for 20 06 through 20 07, issued November 2008.

Am J Infect Control 2008;36:609–26 . 

[6] Soufir L , Timsit JF , Mahe C , Carlet J , Regnier B , Chevret S . Attributable
morbidity and mortality of catheter-related septicemia in critically ill pa-

tients: a matched, risk-adjusted, cohort study. Infect Control Hosp Epidemiol
1999;20:396–401 . 

[7] Garrouste-Orgeas M , Timsit JF , Tafflet M , Misset B , Zahar JR , Soufir L , et al. Ex-
cess risk of death from intensive care unit-acquired nosocomial bloodstream

infections: a reappraisal. Clin Infect Dis 2006;42:1118–26 . 

[8] Kumar A , Ellis P , Arabi Y , Roberts D , Light B , Parrillo JE , et al. Initiation of
inappropriate antimicrobial therapy results in a fivefold reduction of survival

in human septic shock. Chest 2009;136:1237–48 . 
[9] Kumar A , Roberts D , Wood KE , Light B , Parrillo JE , Sharma S , et al. Du-

ration of hypotension before initiation of effective antimicrobial therapy is
the critical determinant of survival in human septic shock. Crit Care Med

2006;34:1589–96 . 

[10] Valles J , Rello J , Ochagavia A , Garnacho J , Alcala MA . Community-acquired
bloodstream infection in critically ill adult patients: impact of shock and in-

appropriate antibiotic therapy on survival. Chest 2003;123:1615–24 . 
[11] Society for Healthcare Epidemiology of America; Infectious Diseases Society of

America; and the Pediatric Infectious Diseases Society Policy statement on an-
timicrobial stewardship by the Society for Healthcare Epidemiology of America

(SHEA), the Infectious Diseases Society of America (IDSA), and the Pediatric In-

fectious Diseases Society (PIDS). Infect Control Hosp Epidemiol 2012;33:322–7 .
[12] Dellinger RP , Levy MM , Rhodes A , Annane D , Gerlach H , Opal SM , et al. Surviv-

ing Sepsis Campaign: international guidelines for management of severe sepsis
and septic shock, 2012. Intensive Care Med 2013;39:165–228 . 

[13] Masterton RG . Antibiotic de-escalation. Crit Care Clin 2011;27:149–62 . 
[14] Udy AA , Roberts JA , Lipman J . Clinical implications of antibiotic pharmacoki-

netic principles in the critically ill. Intensive Care Med 2013;39:2070–82 . 

[15] Neuville M , El-Helali N , Magalhaes E , Radjou A , Smonig R , Soubirou JF ,
et al. Systematic overdosing of oxa- and cloxacillin in severe infections treated

in ICU: risk factors and side effects. Ann Intensive Care 2017;7:34 . 
[16] Nannini EC , Singh KV , Murray BE . Relapse of type A beta-lactamase-produc-

ing Staphylococcus aureus native valve endocarditis during cefazolin therapy:
revisiting the issue. Clin Infect Dis 2003;37:1194–8 . 

[17] Nannini EC , Stryjewski ME , Singh KV , Bourgogne A , Rude TH , Corey GR ,

et al. Inoculum effect with cefazolin among clinical isolates of methicillin–
susceptible Staphylococcus aureus: frequency and possible cause of cefazolin

treatment failure. Antimicrob Agents Chemother 2009;53:3437–41 . 
[18] Lee S , Choe PG , Song KH , Park SW , Kim HB , Kim NJ , et al. Is cefazolin infe-

rior to nafcillin for treatment of methicillin-susceptible Staphylococcus aureus
bacteremia? Antimicrob Agents Chemother 2011;55:5122–6 . 

[19] Li J , Echevarria KL , Hughes DW , Cadena JA , Bowling JE , Lewis JS 2nd . Com-
parison of cefazolin versus oxacillin for treatment of complicated bacteremia

caused by methicillin-susceptible Staphylococcus aureus. Antimicrob Agents

Chemother 2014;58:5117–24 . 
[20] Bai AD , Showler A , Burry L , Steinberg M , Ricciuto DR , Fernandes T , et al. Com-

parative effectiveness of cefazolin versus cloxacillin as definitive antibiotic
therapy for MSSA bacteraemia: results from a large multicentre cohort study.

J Antimicrob Chemother 2015;70:1539–46 . 

https://doi.org/10.1016/j.ijantimicag.2018.11.013
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0001
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0001
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0002
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0002
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0002
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0002
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0002
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0002
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0002
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0002
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0003
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0003
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0003
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0003
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0003
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0003
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0003
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0004
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0004
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0004
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0004
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0004
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0004
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0004
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0004
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0005
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0005
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0005
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0005
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0005
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0005
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0005
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0006
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0006
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0006
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0006
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0006
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0006
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0006
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0007
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0007
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0007
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0007
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0007
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0007
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0007
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0007
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0008
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0008
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0008
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0008
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0008
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0008
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0008
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0008
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0009
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0009
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0009
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0009
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0009
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0009
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0009
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0009
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0010
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0010
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0010
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0010
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0010
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0010
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0011
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0012
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0012
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0012
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0012
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0012
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0012
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0012
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0012
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0013
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0013
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0014
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0014
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0014
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0014
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0015
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0015
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0015
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0015
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0015
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0015
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0015
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0015
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0016
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0016
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0016
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0016
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0017
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0017
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0017
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0017
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0017
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0017
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0017
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0017
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0018
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0018
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0018
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0018
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0018
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0018
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0018
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0018
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0019
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0019
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0019
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0019
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0019
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0019
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0019
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0020
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0020
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0020
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0020
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0020
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0020
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0020
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0020


B.J. Lee, S.K. Wang and J.K. Constantino-Corpuz et al. / International Journal of Antimicrobial Agents 53 (2019) 225–233 233 

 

 

[  

 

 

[  

 

 

 

 

[  

 

 

 

[  

 

[  

 

 

[  

 

 

[  

 

 

 

[  

 

 

[  

 

 

 

 

 

[  

 

[  

[  

[  

 

[  

 

 

[  

 

[  

 

 

[  

 

 

[  

 

 

 

 

 

[  

 

[  

 

 

[  

 

 

 

[  

 

[  

 

 

[21] Rao SN , Rhodes NJ , Lee BJ , Scheetz MH , Hanson AP , Segreti J , et al. Treat-
ment outcomes with cefazolin versus oxacillin for deep-seated methicillin–

susceptible Staphylococcus aureus bloodstream infections. Antimicrob Agents
Chemother 2015;59:5232–8 . 

22] Pollett S , Baxi SM , Rutherford GW , Doernberg SB , Bacchetti P , Cham-
bers HF . Cefazolin versus Nafcillin for Methicillin-Sensitive Staphylococcus au-

reus Bloodstream Infection in a California Tertiary Medical Center. Antimicrob
Agents Chemother 2016;60:4684–9 . 

23] Lee S , Song KH , Jung SI , Park WB , Lee SH , Kim YS , et al. Comparative outcomes

of cefazolin versus nafcillin for methicillin-susceptible Staphylococcus aureus
bacteremia: a prospective multi-center cohort study in Korea. Clin Microbiol

Infect 2018;24:152–8 . 
[24] Flynt LK , Kenney RM , Zervos MJ , Davis SL . The Safety and Economic Impact of

Cefazolin versus Nafcillin for the Treatment of Methicillin-Susceptible Staphy-
lococcus aureus Bloodstream Infections. Infect Dis Ther 2017;6:225–31 . 

25] McDanel JS , Roghmann MC , Perencevich EN , Ohl ME , Goto M , Livorsi DJ ,

et al. Comparative effectiveness of cefazolin versus nafcillin or oxacillin for
treatment of methicillin-susceptible Staphylococcus aureus infections compli-

cated by bacteremia: a nationwide cohort study. Clin Infect Dis 2017;65:100–6 .
26] Review Manager (RevMan) [Computer program]. Version 5.1. Copenhagen: The

Nordic Cochrane Centre, The Cochrane Collaboration. 2011. 
[27] Knaus WA , Draper EA , Wagner DP , Zimmerman JE . APACHE II: a severity of

disease classification system. Crit Care Med 1985;13:818–29 . 

28] Roth JA , Tschudin-Sutter S , Dangel M , Frei R , Battegay M , Widmer AF . Value
of the Pitt Bacteraemia Score to predict short-term mortality in Staphylococ-

cus aureus bloodstream infection: a validation study. Swiss Medical Weekly
2017;147 . 

29] Lesens O , Methlin C , Hansmann Y , Remy Y , Martinot M , Bergin C , et al. Role
of comorbidity in mortality related to Staphylococcus aureus bacteremia: a

prospective study using the Charlson weighted index of comorbidity. Infect

Control Hosp Epidemiol 2003;24:890–6 . 
30] Chow JW , Fine MJ , Shlaes DM , Quinn JP , Hooper DC , Johnson MP , et al. En-

terobacter bacteremia: clinical features and emergence of antibiotic resistance
during therapy. Ann Intern Med 1991;115:585 . 

[31] Charlson ME , Pompei P , Ales KL , MacKenzie CR . A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation. J

Chronic Dis 1987;40:373–83 . 

32] McCabe WR , Jackson GG . Gram-Negative Bacteremia. Arch Intern Med
1962;110:847 . 

[33] Knaus WA , Wagner DP , Draper EA , Zimmerman JE , Bergner M , Bastos PG ,
et al. The APACHE III prognostic system. Risk prediction of hospital mortality

for critically ill hospitalized adults. Chest 1991;100:1619–36 . 
34] Higgins JPT , Altman DG , Sterne JAC . Chapter 8 Assessing risk of bias in in-

cluded studies. Cochrane Handbook for Systematic Reviews of Interventions.

Higgins J, Green S, editors. Chichester, West Sussex, England: The Cochrane
Collaboration and John Wiley & Sons, Ltd; 2011 . 

[35] Ottawa Hospital Research Institute. The Newcastle-Ottawa Scale (NOS) for
assessing the quality of nonrandomised studies in meta-analyses. [ac-

cessed March 30, 2017]. Available at: http://www.ohri.ca/programs/clinical _
epidemiology/oxford.asp . 

36] Schwarzer G . meta: An R package for meta-analysis, version 4.6-0. R News;
2007. p. 40–5 . 

[37] Sagent Pharmaceuticals. CEFAZOLIN package insert, Schaumburg, IL: Sagent

Pharmaceuticals, Inc.; 2016. revised . 
38] Sagent Pharmaceuticals. OXACILLIN package insert, Schaumburg, IL: Sagent
Pharmaceuticals, Inc.; 2015. revised . 

39] Sagent Pharmaceuticals. NAFCILLIN package insert, Schaumburg, IL: Sagent
Pharmaceuticals, Inc.; 2014. revised . 

40] Hozo SP , Djulbegovic B , Hozo I . Estimating the mean and variance from the
median, range, and the size of a sample. BMC Med Res Methodol 2005;5:13 . 

[41] Viechtbauer W . Conducting meta-analyses in R with the metafor package. J
Stat Softw 2010;36:1–48 . 

42] R Development Core Team. R: a language and environment for statistical com-

puting reference index version 2.1.4. Vienna, Austria: R Foundation for Sta-
tistical Computing. Available at: http://www.R-project.org . Accessed August 1,

2017. 
43] Cosgrove SE , Sakoulas G , Perencevich EN , Schwaber MJ , Karchmer AW ,

Carmeli Y . Comparison of mortality associated with methicillin-resistant and
methicillin-susceptible Staphylococcus aureus bacteremia: a meta-analysis. 

Clin Infect Dis 2003;36:53–9 . 

44] Lee BJ , Rao SN , Wang SK , Lee JY , Lakada IY , Gilbert EM , et al. Implementation
of a cefazolin-based stewardship pathway for methicillin-susceptible Staphylo-

coccus aureus bloodstream infections paired with infectious diseases consulta-
tion. Int J Antimicrob Agents 2017;49:650–4 . 

45] Bai AD , Showler A , Burry L , Steinberg M , Ricciuto DR , Fernandes T , et al. Im-
pact of infectious disease consultation on quality of care, mortality, and length

of stay in Staphylococcus aureus bacteremia: results from a large multicenter

cohort study. Clin Infect Dis 2015;60:1451–61 . 
46] Robinson JO , Pozzi-Langhi S , Phillips M , Pearson JC , Christiansen KJ ,

Coombs GW , et al. Formal infectious diseases consultation is associated with
decreased mortality in Staphylococcus aureus bacteraemia. Eur J Clin Microbiol

Infect Dis 2012;31:2421–8 . 
[47] Vardakas KZ , Apiranthiti KN , Falagas ME . Antistaphylococcal penicillins versus

cephalosporins for definitive treatment of meticillin-susceptible Staphylococ-

cus aureus bacteraemia: a systematic review and meta-analysis. Int J Antimi-
crob Agents 2014;44:486–92 . 

48] Li J , Echevarria KL , Traugott KA . beta-Lactam Therapy for methicillin-suscepti-
ble Staphylococcus aureus bacteremia: a comparative review of cefazolin ver-

sus antistaphylococcal penicillins. Pharmacotherapy 2017;37:346–60 . 
49] Loubet P , Burdet C , Vindrios W , Grall N , Wolff M , Yazdanpanah Y , et al. Ce-

fazolin versus anti-staphylococcal penicillins for treatment of methicillin-sus-

ceptible Staphylococcus aureus bacteraemia: a narrative review. Clin Microbiol
Infect 2018;24:125–32 . 

50] Rindone JP , Mellen CK . Meta-analysis of trials comparing cefazolin to anti-
staphylococcal penicillins in the treatment of methicillin-sensitive Staphylo-

coccus aureus bacteraemia. Br J Clin Pharmacol 2018 [Epub ahead of print] . 
[51] Eljaaly K , Alshehri S , Erstad BL . Systematic Review and Meta-analysis of the

Safety of Antistaphylococcal Penicillins Compared to Cefazolin. Antimicrob

Agents Chemother 2018;62 . 
52] Bidell MR , Patel N , O’Donnell N . Optimal treatment of MSSA bacteraemias: a

meta-analysis of cefazolin versus antistaphylococcal penicillins. J Antimicrob
Chemother 2018;73:2643–51 . 

53] Shi C , Xiao Y , Zhang Q , Li Q , Wang F , Wu J , et al. Efficacy and safety of cefazolin
versus antistaphylococcal penicillins for the treatment of methicillin-suscepti-

ble Staphylococcus aureus bacteremia: a systematic review and meta-analysis.
BMC Infect Dis 2018;18:508 . 

http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0021
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0021
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0021
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0021
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0021
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0021
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0021
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0021
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0022
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0022
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0022
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0022
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0022
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0022
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0022
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0023
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0023
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0023
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0023
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0023
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0023
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0023
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0023
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0024
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0024
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0024
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0024
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0024
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0025
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0025
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0025
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0025
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0025
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0025
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0025
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0025
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0026
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0026
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0026
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0026
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0026
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0027
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0027
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0027
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0027
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0027
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0027
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0027
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0028
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0028
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0028
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0028
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0028
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0028
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0028
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0028
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0029
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0029
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0029
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0029
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0029
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0029
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0029
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0029
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0030
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0030
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0030
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0030
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0030
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0031
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0031
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0031
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0032
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0032
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0032
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0032
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0032
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0032
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0032
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0032
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0033
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0033
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0033
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0033
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0034
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0034
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0035
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0036
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0037
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0038
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0038
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0038
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0038
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0039
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0039
http://www.R-project.org
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0040
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0040
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0040
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0040
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0040
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0040
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0040
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0041
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0041
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0041
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0041
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0041
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0041
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0041
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0041
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0043
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0043
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0043
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0043
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0043
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0043
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0043
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0043
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0044
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0044
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0044
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0044
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0044
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0044
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0044
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0044
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0045
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0045
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0045
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0045
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0046
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0046
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0046
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0046
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0047
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0047
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0047
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0047
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0047
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0047
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0047
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0047
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0048
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0048
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0048
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0049
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0049
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0049
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0049
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0050
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0050
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0050
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0050
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0051
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0051
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0051
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0051
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0051
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0051
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0051
http://refhub.elsevier.com/S0924-8579(18)30338-8/sbref0051

	Cefazolin vs. anti-staphylococcal penicillins for treatment of methicillin-susceptible Staphylococcus aureus bloodstream infections in acutely ill adult patients: Results of a systematic review and meta-analysis
	1 Introduction
	2 Materials and methods
	2.1 Systematic literature review and study selection
	2.2 Data extraction, definitions, and study outcomes
	2.3 Statistical analysis

	3 Results
	3.1 Literature search results
	3.2 Characteristics of included studies and patient demographics
	3.3 Treatment failure
	3.4 Mortality
	3.5 Adverse drug reactions
	3.6 Risk of bias

	4 Discussion
	5 Conclusion
	Declarations
	Funding
	Competing Interests
	Ethical Approval
	Supplementary materials
	References


